
Dear Bruae: 

Your lettar of the 17th rec&.ved yesterday, the MET, s f'cw days beFore, but 
today wae the flret chance I had to get to it. When I finally did, I enjoyed it 

thoroughly hope my amendatlon does not seem too abandoned. The details 
are marked ae far (LS I can on the ma. Some general pointsr 

Terminology: ea>ecialiy trduction . Treated in situ. 

Punctuation: I admire your persietence, but I think there are too many esrricolons. 
In general your own critibian is we31 taken. The experlriental parts are quite 
brisk, the introduction rather overworded. Fat has its use@, but I've suggested 
some placee where it can be W.mn$d. Ae you Bay, I think hifte, have brought In 
a nmber of aide-iesues which not only take up space but may distract the 
rerader from the main arpent. Thie la as olear aa could be, however. 

DCB m wish to dieouss authorship any further? I gather that efter you decided 
not to asqme it to youreelf, aa I originally suggaeted, that I might et511 
exerciee my own option. X would still prefer the first pian, but recognize 
Norto&' veeted interest in vetoing it, and will in fact agree (after more 
prolonged jtigment) that the triple authorehip ie wiser. The advantages, of 
expedftion and eimpliclty, are already abandonedi so there is no paint in 
reviving my firet proposal. 
--I 

I am sorry, in a way, to report that SW-553 also shows a lfnked transduction. 
(2/60 LT-2 --x 9~967 (another isolate of 553) were i:--.)It was originally 
detected on g,. serum agar, latsr wtth iaolatad ew@n~ on straight semi-oolid. 
Is it worth the trouble to hting that in here? I have no peroonal BM 
predilection, one WRY or the other, but euepect you Eight rebel at the idea 
of %ncluding anything new. Thee may be ecme eiroumstantial evidence of Q partial 
homology of sw967 with SW-666. They trenemotilize each uther all right, but + 
the ratio of tracks to wue.rm~~ asems rather higher than when, e*g., SW-666 Fla --x 
~967. SW-666 -x 967 is the one that ehowe *such trerrrendous tracks (best followed 
over a period of two to three dape (eic) in tubes of semisol9.d inoouLated at the 
a:vface l I would estimate the full length of some of these trwke at over 30 mm 
(OWW 2 rim in pro jectionj, 
LT2--x341 a& 

and several hundred ticrocolonies. No major branchinga. 
--x 548 were reported as 5: 1,2... I have about half ml. of absorbed 

2 aerwn; 2 ia a difficult reagenfqz and no longer reaognized in the scheme. 

Felix may be playing games. I've been corresponding with him on the came points4 
Boulgakov phage., and stability of 0901. I oompared his own old isolates with 
our Btocke, they look pretty muoh alike. 

Am sending SW+f(l, 372. The lktter wae labolled an "aberrant gallinarun" by KauffUnn 
They ara9fl;xlt3 completely stable, with or uitE.out RPJ FA tried, but 970--x SW666 and 9~!2--~666 

halrt, both given b:- and g..z-. They trmnduce motility to aom Pk.- but not others 
(3,5,8 and 4,5,8j and oo may be tan$ble examples of stabi?ilty by mutiple Fla-. The 
homology teats seem your business more than mine: wRnt to try them? 

See what K says about SL-lpi Edwards takes a dim view of this Id,nd of analysis 
for the &nstant purpoee: the differences may be eaaentiallg quantitative. FWIorum 
atrains labelled XII1 XII3 and XII1 XII2 eeem equally ausueptible to PLT22. But he 
did give me come durazzo and XII2 strains and serums which should give the neceoaary 
reagents if I can get around to the uroes-absorptions. 

tmt1gentu 
I am not so sure of differences between early and late swarma, but there are defi- 
nitely come much earlier than othera (the later taking 18-24 houra) 

ph .':q p I_ ' I i ,y i' ',( . ,, ti: /,"-ff . ' i,/r c/e. 



I don't reuomend saying anything at all about K-12 reambimtion, if it can be 
helped. The dlfferemoee have been gone into into the previoue papem where they 
are more relevant. The best way to avoid any confusion ia not to mnt,Lon X-12 
at all. 

I am hopir4 that Nor%' may pay us a tieit in oonnecltion with Federntlon Meeting8 
in C'hioago sscond week of' next no&b. It will be a ahme to coordinate come of' 
our aiadirectlone, 3.f you can return cement by therr (if naooesary). 

Do you know a chap mm& ALcck Bernstein? We haa an M.4). and a Dipl. Bact. fpfm your 
place, would like to work&or a #3&D. here. I th;Wr f'l.1 probably take him, but 
would weloam any omment or addoe. (My j !dgmmt of' E?~l!.nh bacteriologists may 
be colored by recrs~t wonderful ex~rimoeo). 

[La%ext 'fhe paragraphs that follow have been written at odd intcrv;j3ti, and .may be discon- 
nected. 

I can c&firm tracks and occasioml awarms froa pullorum-x O-901 and gallinarum 
-x O-901. In view of the spparentiy rather low efficiency of transiuction in this 
system it may or may not be easy to make an adeqate test of Hl transduction. I hope 
you don't mind that I duplicate your attempta: as you will no&e from .my last letter 
I have been engaged with this, but with rather negative results so far. I am especially 
zupriaed at having been unable to tranduce Mal+ from gallinarum to pullorum, but 
have now to try a &A* puilo~rum as donor. 

I suggest that a more explicit trsatint be given of the behavior of O-901. This 
is probably the most widely familiar 0 strati, and some readers are bound to try some 
experimsnta with it. I have not tried a complete homology test, but it might be 
suffiuient to cmmphaPs e,mphasiae that m &401 (Including authentic stra3na from 
Felix) had not only reverted spontaneously, but ha84 given additional a?.ditional 
tracks and swarms, RLl d, x- LT-2. In fact, it might be a good idea to teas this as 
a way to emphasize the efficiency of the selective technique, quoting Felix (J Hyg 
49t94) to show its atabilityf' for 28 years in ordinary culture) and also to minimize 
any aenae in which the diacrepmcy might bc regarded tls reflect&g on F. 

When we first discussed this, I had not aeen your paper and did not realize 
how much genetics you would be able to ccticatc. I leak to your judgment (as of 
course all the rest of these remarks; m the only thing I have any strong brief 
for is the rectification of transduction-trameformation) whether to add the paragraph 
at p. 35 justifying the concept of linkage. 3fi I think if you introfluce this concept 
at all, and I admire a your success irr clarifying it at this level, that a little 
more should be said a 
extensive diacussionw !a& 

t it. On the other hahd, I would not want to preempt a more 
I hope we can elaborate at some future date when the 666- 

SL-13-SW553 relationships are further clarified. 

Edwards' repor% just in on the motilized forms of the following, being sent along 
with m-??O, ??2. Here is a fuller listing: 
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SW EdWWdS 

motilized: 
reported 

serotype rsmzwks 

963 4936-X 
964 4937-50 

i:1,2 
1:1,2 

> ) relationship?? 
965 no gmd record 

~~Zelly1t-1950Seattle 
I:-L monophasic . sly, irregular spue@ 

These had been recorded eimply as group B. They were nuotilized lrfsGk 
x- LT-2; I will check using x- other aerotype to be sure. 

970 3e2l-52 D nonmotile 8 . . net motilized~ but -x ~~666 

971 5~65-52 D normotile(Texas) gm:-(snteritidis) 

972 1553-52 (a Kauffmann'a 151-52) g... not motiliaed but --x SW666 

I will see whatever further information 1: can get, but the records are 
often fragmentary, and it ie considerable trouble to Edwards to trace them 
back. iIf they had the noney they could use an I% systenr!] 

May I retain the tables? I can indicate my remarks hers as aell as on the 
sheets. 

Table 1: a more explicit designation of LT-2 (which is only the phage type) is 
LXLleangen # 85 (isolated in I.946 from an eutbreak at Stoke Mandevills- Lillengen 
p.68 JT may know .mr9 adopt this.) I ‘am beginning to find LT-2 a~ewhat awkward, 
and would second (but not initiate)a auggeation to rkrplna rename it TMl or something 
of the aort(TM2?). This would at least alread,, v carry the connotation of typhimurium 
in , e*g*, TX?. -x l . . . If we don't alter it no, ~~'11 be stuck prith it forever; 
it wculd still he +he at present, and the s~uiv~&~~c could be put in the table. 
Add O-901 to the table, and let us adopt Fell. 'c' oldest transfer as our type. 
Have you been aMe to tpack down, .in print, the ex$icit hilstzry of 0901? The 
wiLy gaper I haveflIt looked at yet (library trouble) is Felix 1930, Lancet. 

L-9wr34: add Ssrtic-Boulgakov refernce for VIII-133 
533: Edwards # 157 (N25 lsxaa a lab. designation.) There is d 

refermnoe to this, perhaps not essential here, Edwards 0 Pruner 
J, Ract 5?:!,94 (though Cherry actuaU.y did this). I have not 
seen the phenomenon again, having always gottten z rather than 
1,2. It .is not abeolutelm excluddd$ (Cherry is no 3? too clear about 
it> that the three occurrences were progeny of a single mutation. 
Other monophasic -1,2 have behaved as Fla2 alleles. e 

[I've told you about ffinding an old stock c*ulture labe!.led SW533 which was 
a mixture of the diphaaic resembling SW703 in its fermentation2 qnd the -12 
monophasic rssembl~~71 

SiV541 : I quote m Kauffmannla letter (3/31.42) 

"Nr.13 = S. typhimurium 3173 I’ SW544 
n Nr. 58 = S. typhi0 901 11 542 
I1 Nr. 223 = S. typhhanuium var. copenhhgen 1810 swsw 
)1 Nr. 248 = S. paratyphi B 0 19" .9J 543 

Edwardat 13 bars the same description as Kauffmann's. Pitto 58. They must have a 
common list (up to a point). 



SW552. Have you been able to do anything with this particular isolate? 
It has been implacably rough to me. Its histroy as far as known is 
on the enclosed photostat. I have not yet had a reply from Davila. 
All the Salmonellas indicated are gp:- 

TABLE 3a. For typography, I suggest i:l... for diphasic forms! 
The third column is redundant, and could be implied in heading 
or footing to the table, This could save considerable space by 
permitting it to be set up in a single column width. Id. for columns 

2-3-4 of 3b. 

TAEXZ 2. Cultures reported as TM by Edwards are i:1,2... (I must have mentioned 
this supra.) 

VVhat are your frequencies of a,1 in TM2 (sic>-x SL13. As I recall? I found 2:2. 
It might be worth mentioning (if you concur) the very low yields in this 
transduction. 

You've gotten a motile from SW573 in two steps, haven't you? 

I would putP@pontaneous " before mutation in heading, column 4. SW534Fla* is 
also 1,2... 

Is table 5 necessary? The data could be given more compactly in text, where 
they are essentially repeated BlpDdtlsnr anyhow. 

Table 4. Is effect of SLl.8 oh 573 consistent? rather %Ms + S and F as 
symbols, why not defFne + as fast swarms, and omit F as symbol. 

t 
-- Inset, page 25 and innwrable factors controlling chltoroplast development 

f‘ in maize, of which 73 were already catalogued twenty years ago(de Haan,H. 
1933 Inheritance of chlorophyll deficiencies. Bibliographica Genetica, 10: 
357- 4.l.6). Hal You could also quote many fetters affecting the tail in 
mice (Gruneberg). There does not seem to be a more recent cataloguing 

mendelian _, of'plastid effects. This happened to be the most cpmmon type of mutant seen 
in most plants. I justremembere a reference lyou should quote: Lewin 
on nonflegellated and pwalyzeel Ch domonasr JQM 6:233 1952, eap. 242. 
I have been trying to stimulate f&tier his already active awareness of 
sarological possibilities. 
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35 inset 

rl II 
The genetic,analysis of the linked transductions is being s&&i&- 4 

further, but two lines of evidence may be quoted in support of this inter- 
. . pretation. v -~-giue-saraPAls-wke6e-~~~~e~~~~~~~6 

The two 3 strains, S;i 543 and SL 13 have been exposed to Iysates 

of numerous other types in addition to 2. typhi-murium, and in each case where 

swarms were produced a minority of these confdrmed to the &&I flageX.ar type 

of the donor strain. Thus, in addition to the &otype IV V XII b:-, Si 543 

has engendered other monophasic types/ such as IV il XII a:---, IV V XII c:--, and 

IV v XII z-- when exposed to ~&KXXC&X lgsates of So sendai, S. abtendorf and 

5. '!&xrespective$y. Similar)y, SL 13 produced , , in addition to I II XII 

a:--, swarms of the type I II ,XII r:-- when exposed to lysates of 5. heidelberg. 

As some of these type3 have never been reported previously, their present exis- 

tence provides whatever testimony ma y be needed to exclude the possibility of 

contamination in these ex;jeriments. Some of the rnonophasic types produced in 

this way ,may be to provide antigens useful in the preparation of 

diagnostic II antiser Edwards and Bruner '49>. 

- * rm . . . m in the 4 
cited experiment 

c’ the transduction/of +NL different s&q&e-g& fat than of two --- *. A 
linked fat tors in the latter case, However, lysates prepared from such i:-- dwv&..w 

Sr3arLnS 
were again able to evoke both B:- and i:-- from W-543. B . . 

h d CP,d 
The ability of the i:- 

h 
-again to evoke two 3 

ix 

, . types from its parent SJ543 

is given as evidence that the,+* had received two elements from 2. ty?himurium, 
__: .-.. 

as distinguished above. 



Section I 

Hereditary properties can be transferred or transduced 

Balmobella strain to another by means of cell-free culture filtrates. 

---.%a..-tRm, &donor Salmonella was lysed by a suitable 

phae (or otherwise treated to the sams effect), and the lysate filtered. 

m The filtrates contained an agent whicFh,.-~‘transf’e$red ’ 1, 
il .r 

various cultural characteristics from the donor x%x&x to a small propor- 

tion of kkm exposed recipient cellsj of another strain. As a rule, a maximum 
per million 

of one recipient cells was altered, even under optimum conditions. Cells 

which had thus acquired a new characteristic by transduction transmitted 

M&x it through an unlimited number of generations, ae far as has been 

tea ted. 

m Hereditary changes, r so-called transf omations, have been 
? 

described in the pneumococcus ,and in lIae.mophilus influenza &under the influence 
Aa these 

of cell-free lya&&es of other strains, XI& are now recognized as being also 

based on the transfer of M genetic factors, transduction may occur commonly 

amung bacteria. In these organisms, however, the active principle depends 

on the content of polymerized desoxyribonucleic acids in the lystaes, and 

its activity is dearoyed by exposure to desoxyribonuclease( >- , 
The transducing activity of Salmonella lysates is, however, inskseptible to 

this enzyme, and is apparently associated with phage particles themselves 

Bruce: I have suggested this recast for two reasons: 1) the distinction between 

transduction and transformation was improperly drawn{ I regard transformation 

as too va@e a term to dignify so important a phenomenon, but these particular 

instances ef ll$ransf ormation# are indubitably transductions, as defined in Z&L. 

Many other It transformations 11 in bacteriology are equally certainly net. 2) 1 

think you may have repeated t40 much evidentiary detail from Z&L- the reader 
get this directly, if necessary, and the conclusions are better emphasized 


